Understanding the genetic structure of populations is key to revealing past and present demographic and evolutionary processes in a species. In the past decade high genetic differentiation has been observed in many microbial species challenging the previous view of cosmopolitan distribution. Populations have displayed high genetic differentiation, even at small spatial scales, despite apparent high dispersal. Numerous species of microalgae have a life-history strategy that includes a long-term resting stage, which can accumulate in sediments and serve as refuge during adverse conditions. It is presently unclear how these seed banks affect the genetic structure of populations in aquatic environments. Here we provide a conceptual framework, using a simple model, to show that long-term resting stages have an anchoring effect on populations leading to increased genetic diversity and population differentiation in the presence of gene flow. The outcome that species with resting stages have a higher degree of genetic differentiation compared to species without, is supported by empirical data obtained from a systematic literature review. With this work we propose that seed banks in aquatic microalgae play an important role in the contradicting patterns of gene flow, and ultimately the adaptive potential and population dynamics in species with long-term resting stages.
Introduction
In the absence of restricting factors, individuals of the same species will presumably mate randomly and gene flow will homogenize the gene pool. However, a multitude of factors and mechanisms can restrict gene flow thereby leading to partly isolated subpopulations (genetic structure) [1] . Assessment of population and landscape genetic structure is a key component in revealing the past and present demographic and evolutionary processes that act on a species [2, 3] . The degree of structure is highly influenced by past and present gene flow within a species' habitat [4, 5] .
Free-living microscopic organisms have in the past been considered to have few limits to dispersal [6, 7] , and as a consequence should also share a common gene pool. However, since the development of high-resolution DNA fingerprinting (e.g. microsatellites, amplified length polymorphisms, and more recently high-throughput sequencing based techniques), population genetic studies on microorganisms have strongly challenged this view [8] [9] [10] . One group which falls into this category of high dispersal potential yet with apparently limited gene flow is aquatic eukaryotic microalgae [11] [12] [13] [14] . Multiple population genetic studies have revealed a high degree of endemism within several microalgal species, yet low levels of genetic differentiation have also been observed in other species [15] . The degree of population genetic structure, as well as the spatial and temporal extent, varies greatly between species. This may not be surprising considering the prevalent diversity of microalgae, comprising a variety of phylogenies, ecology and reproductive strategies [16] . Nevertheless, a number general driving forces have been coupled to patterns of gene flow, e.g. geographic distance, ocean circulation patterns [11, 17] , local adaptation [18, 19] and founder events [20] .
Several of those species where populations exhibit endemism (e.g. Alexandrium minutum [21] , Ditylum brightwellii [13] , Skeletonema marinoi [22] , share the ability to form resting stages. Microalgae alternate between different life-history phases with mainly asexual proliferation, intermittent sexual reproduction, and some also form resting stages [23] . In the resting stage (also often referred to as quiescent phase, dormant stage, spore or cyst) cell division ceases and the cells enter a stage wherein the metabolic rate is drastically reduced [24] . The resting stage can be produced either sexually or asexually. Entering this stage is generally regarded as a form of refuge during adverse conditions for growth (e.g. light limitation or nutrient depletion), that can subsequently resume vegetative cell growth when conditions once again improve [25] . The formation of resting stages is however not a universal feature in this group and some resting stages are only temporary, whereas others can remain viable in sediments for as long as a century [22, 26] .
The formation of resting stages is by no means limited to microalgae but is also found in e.g. bacteria [27] , zooplankton [28] , insects [29] and plants [30] . In higher plants the evolutionary role of seed banks has long been recognized as homogenizing between population genetic differentiation and enhancing genetic diversity [31] [32] [33] . Especially in a changing environment the seed banks will represent a gene pool of differently adapted alleles that maintain genetic polymorphisms [34] , resulting in enhanced genetic diversity. This mechanism, termed the storage effect, was first described to explain the coexistence of competing species [35] . Recruitment of dormant propagules can then provide active populations with alleles, thus generating gene flow from the past [33] . In zooplankton the presence of dormant stages has been described as slowing down the rate of evolution by buffering against genetic change when under strong selection [36] . Boileau, Hebert [37] later described the same buffering mechanism of dormant stages as maintaining gene frequency divergence after founder events. Ultimately dormant stages can be viewed as either slowing down evolution when under directional selection [36] or enhancing evolution by archiving genetic variants when under fluctuating selection [28] .
It has been proposed for organisms with large population sizes and rapid population growth that they possess the potential to quickly develop locally adapted populations and monopolize resources after founder events [38] . In the Monopolization hypothesis [38] the role of dormant stages is recognized as a buffering mechanism similar to that described by Boileau, Hebert [37] whereby migration between present day populations is diluted by 'migration from the past'. In microalgae, especially marine species, it is presently unclear how these seed banks affect the genetic structure of populations. Here we have explored the effect of resting stage formation on micro-evolutionary processes in microalgae with the hypothesis that 'migration from the past' will decrease the effect of gene flow in the system and enhance genetic diversity compared to similar microalgae that do not include a resting stage.
To address the contradicting patterns of often but not always limited gene flow observed in microalgae (marine and freshwater species), and where the underlying mechanisms remain ambiguous [39] , we propose that the presence or absence of resting stages in aquatic microalgae may play an important role. Our rational is that local seed banks have an 'anchoring effect' leading to increased population genetic diversity and genetic structure. To illustrate this, a simple genetic population model was formulated that considers different degrees of re-seeding from historic populations (temporal gene flow) and a range of migration rates (spatial gene flow) in the presence or absence of a resting stage life-history strategy. Ultimately the objective was to explore the influence of resting stages with respect to population genetic diversity and genetic structure, under a range of different settings, by comparing a strategy with no resting stages versus one with resting stages. In addition we performed a systematic literature review and compiled empirical data on population genetic diversity (allelic richness) and genetic differentiation, for a wide range of microalgal species, in order to validate our results. Although our model was motivated by the inconsistent population genetic patterns observed between microalgal species, we aimed to keep the model as simple and general as possible in order to draw more general conclusions about the effect of resting stages in the context of similar biological systems.
Material and Methods
We constructed a model that allowed us to simulate the relative time to fixation for an allele in a population with resting stages versus one without resting stages. For the purpose of constructing a more qualitative and general model, important evolutionary processes such as mutation and selection were omitted as these will be highly specific to the system considered (e.g. species, environment, genetic marker). Using this model we specifically compared estimates of genetic diversity between the two life-history strategies. It is expected that reseeding from the sediment will slow down the loss of genetic diversity. This effect of resting stages on genetic diversity is illustrated in the onepopulation model and is primarily included to demonstrate the full picture of the processes. The effect of resting stages on genetic differentiation is modelled using two populations linked together through migration, below referred to as the two-population model. Both models include a scenario with no resting stages and a number of scenarios that varied in the contribution of resting stages to allele dynamics. These simplistic models are based on sequences of random draws.
Microalgal blooms are known to have very large population sizes, and therefore sampling with replacement was used to mimic the effect of alleles being randomly re-seeded from an infinitely large population. When sampling with replacement, the distribution of the sampled alleles was independent of the sample size but depended on the distribution of alleles in the pool from which it was sampled. It should therefore be emphasized that increasing the starting population size also increases the time to fixation and thus the results should be evaluated in a qualitative manner. In nature, where populations are immense, the time to fixation is likely considerably longer than in our modelled system. The effect of random genetic drift, and time to fixation of an allele, is highly dependent on the starting population size (proportional to 1/Ne per generation), however effective population sizes for microorganisms are poorly known. Similarly, the occurrence of intermittent sexual events varies between species and little is known about the frequency. To deal with these unknowns we chose to consider each allele as a separate entity in the model.
One-population model
An active population was initiated by drawing (randomly with replacement) 80 alleles from a starting distribution of 20 unique alleles. Seasons were used as the time unit, the end of one season and the beginning of next season is illustrated as a new set of (80) randomly drawn alleles. Because selection is not included and we sampled with replacement, the population size in the model was stationary as increasing the amount of alleles would not affect the distribution of alleles and hence not affect the result. In simulations without resting stages the sequence of vegetative populations was sampled by picking 80 alleles from the previous season's population. When resting stages were included different fractions of the 80 alleles were sampled, with replacement, from the seed bank. These sequences of random draws simulated the changes in allele frequencies over time (genetic drift).
For each simulation we recorded the number of seasons it took for one allele to reach fixation. Each parameter combination was simulated 1000 times and the mean number of seasons until fixation was calculated together with a 95 % confidence interval. The model was also evaluated for different sizes of the pool of alleles initiating the bloom and the number of unique alleles. A conceptual overview of the model is illustrated in Fig. 1 , where the upper and lower The seed bank was built up by permitting all the alleles in the active planktonic population to accumulate in the sediment at the end of each season and form a seasonspecific layer, reflecting the proportion of alleles in the active population. The next active population was then initiated with a fraction of the population being generated from the resting stages in the sediment. With time, the contribution of alleles from resting stages of older blooms to the next active population decreases as they get buried under more recent blooms. Alleles were therefore sampled, with replacement, from the seed bank with probabilities generated from an exponentially decreasing function determining a high probability to sample alleles from the top of the seed bank and a decreasing probability for deeper layers in the sediment. The proportion of re-introduced alleles from the benthic seed-bank is likely to be dependent on several factors, e.g. benthic substrate characteristics, water depth, bioturbation and the time-span resting stages remain viable [40] . Because little is known about these factors, and they are also likely to vary greatly, both between different systems and different species, we tested the model under a wide range of scenarios. The model was simulated with 0, 5, 10, 25 50 and 75% of alleles sampled from the sediment, zero representing a life-history strategy without resting stages. The model was also simulated with different life spans of the resting stages (0, 10, 20, 40, 80 and 120 seasons), again zero representing a life-history strategy without resting stages. In the simulation where different percentages of alleles were sampled from the sediment, the lifespan of resting stages was set to 20 seasons. In the simulation wherein we explored different lifespans of the resting stages, the percentage of alleles sampled from the sediment was set to 25%. The longer the resting stage remained alive, the greater number of seasons were included in the seed bank. To keep the curve of the exponential function adjusted to changes in the number of historic seasons included in the seed bank, the rate of decay (k) in the exponential function was changed (0, 0.6, 0.3, 0.15, 0.075, 0.05) together with the lifespan of the resting stage so that the probability to include half of the available layers was constant.
Two-populations model
To investigate the effect of the two different life-history strategies (resting stages and no resting stages) on genetic differentiation we connected two one-population models by symmetric migration. The two populations were initially completely differentiated meaning that model simulations commenced by sampling from two different sets of 20 unique alleles. Migration between the populations was modelled by letting a certain proportion of alleles from each population replace an equal number of local alleles. As described in the one-population model, the subsequent bloom was generated by sampling from the previous season's populations, which in the two-population model also included migrant alleles. After each migration event the active populations that formed resting stages sedimented and formed local seed banks consisting of local alleles and migrant alleles. The subsequent populations were initiated with different proportions coming from the seed bank, with 0% representing no resting stage formation (as described above). The model was simulated 1000 times for both lifehistory strategies. For each simulation and every season genetic differentiation Jost's D [41] was calculated between the two populations, presented as the mean along with a 95% confidence interval. Because our model neglects mutations no new alleles arose and thus due to genetic drift the number of alleles naturally decreased over time, as populations became fixed for certain alleles. For this reason the use of Jost's D was favoured over the traditional F st or G st as an index of genetic differentiation as D is independent of genetic diversity [41] . Changes in genetic differentiation were evaluated for three different migration rates 1, 5 and 20% per season. The impact of resting stages was evaluated for low (5% 10 seasons) medium (25% 40 seasons) and high (75% 120 seasons) sediment contribution. The model was also evaluated for different initial sizes (i.e. number of alleles sampled to initiate a new bloom). The model was constructed in MATLAB (v. R2012b MathWorks Inc) and the code for running the simulations included in this study can be found at a Github repository https://github.com/lisa sundqvist/restingstages.
Systematic literature review
A systematic literature review was performed with the objective to evaluate whether our model qualitatively reflected empirical observations. Although real populations are exposed to many of the processes that we neglected in our model system, we were nevertheless curious to investigate whether a similar pattern of diversity and differentiation could be found in published data. We searched the Web of Science TM (Thomson Reuters) for articles including any of the following words: protist, diatom, dinoflagellate, coccolitophore, raphidophyceae, microalgae or phytoplankton. In order to acquire as many comparable studies as possible we chose to focus on those using microsatellite markers as these are, to date, the most widely used genetic markers for population genetic studies [42] . The search was refined by searching for articles containing any form of the word microsatellite*, which resulted in 146 articles (performed in May 2016). If an article reported on symbiotic species it was excluded. Each studied species was categorized as either having a resting stage or not. For three of the species included in the analysis the available literature is not conclusive on whether resting stages occur or not. Karenia brevis has been suggested to form resting cysts [43] , however observation of naturally occurring cysts have never been reported and [44] and are therefore not considered an important survival strategy in this species. In this study K. brevis was categorizes as not forming resting stages. Oxyrrhis marina has been thought not to form resting stages [45] however they may form thin-membrane covered cysts [46] . Oxyrrhis marina is in this study categorized as not forming resting stages. Pseudo-nitzschia species has not been found to germinate from sediments in areas where Pseudo-nitzschia species were abundant in the planktonic community [47, 48] . With the exception of one study [49] 
Exploring genetic diversity
In the one-population model we investigated the time for one allele to reach fixation with and without resting stages, and as a consequence a loss in genetic diversity (measured as allelic richness). To assess whether a species' ability to form resting stages has a significant impact on genetic diversity in real populations we collected microsatellite data from published work on a range of microalgae species. In order to omit bias caused by common alleles between multiple data sets (using the same microsatellite markers) we pooled raw microsatellite scoring data. The raw microsatellite data was either accessed through publicly available databases or generously provided by the authors of the respective studies listed in Table 1 . Using the data sets we calculated allelic richness as the sum of observations of the j th allele across the i th locus using GenAlEx 6.502 software [50] . Allelic richness was rarefied, using the rarefy function implemented in the Vegan package of R (R Core Development Team, 2007), to a sample of 190 observations which allows for comparison between different sample sizes. Rarefied data was then used to calculate Shannon's diversity for the two categories as implemented in the Vegan package of R. A linear regression analysis was employed to test for differences in rarefied richness and Shannon's diversity for loci from species with resting stages versus species without. The analysis was also performed separately for diatom species only. The rationale for analysing diatoms separately was that we anticipated that the differences in ploidy (diplontic diatoms, haplontic dinoflagellates and haplo-diplontic coccolithophores), would introduce bias and obscure our results, thus we also constricted the analysis to the dominating group in the compiled data, i.e. diatoms.
Exploring genetic differentiation
In the two-population model we compared genetic differentiation under two scenarios (with and without resting stages) where two populations were connected by migration. To compare our two-population model with empirical data we collected and compiled estimates of population pairwise genetic distances (measured as F st ), and the corresponding geographic distances from published work on microalgae (Table 1) . Our main interest, regarding genetic differentiation, concerned regional or local geographical scales therefore comparisons across different oceans were excluded; restricting the study geographical distances between 1 and 2500 km. When no geographic distances were reported in the publication, we used geographical coordinates of sampling sites to measure the distances using Google earth TM (Google Inc). Using data from 13 species (listed in Table 1 ) F st -values were plotted against geographic distances. Data points were categorized as species with the ability to form resting stages or species without resting stages. A linear regression analysis was used to describe the relation between F st and geographic distance (km) for all collected data points. For a formal statistical test, data were made independent by first fitting a regression model to data of pairwise F st distance for each study (16 and 6 studies, respectively with sufficient data with and without resting stages). The slopes for the two groups were then compared with a t-test for independent samples. Since slopes did not differ (p > 0.05) we then compared the mean F st of each study (and each species) for species with and without resting stages using a t-test for independent samples. Data (F st ) were log-transformed to make variances more homogeneous.
Results
The one-population model-Genetic diversity Based on the one-population model it was evident that when including a resting stage alleles remained in the system for a substantially longer period, compared to when resting stages were absent, meaning longer time until fixation. The number of seasons it took for one allele to become fixed was dependent on the initial population size (number of alleles sampled), this was true both with and without resting stages (Fig. S1 ). The number of unique alleles in the starting distribution did however not affect the time to reach fixation (Fig. S2) . Both life-history strategies experienced a drastic drop in number of unique alleles already after the first season (Fig. 2) . The population without resting stages reached complete fixation for one allele early during the simulation. However, the decrease in number of alleles was slowed down in the presence of a seed-bank. As a consequence populations with resting stages exhibited a higher number of alleles and thereby genetic diversity over a longer time period compared to populations without resting stages. Although the population with a resting stage also exhibited a drastic reduction in number alleles as a result of genetic drift, the population did not reach complete fixation for the duration of the simulated run. When the proportion of re-seeding from the sediment increased the time to fixation increased (Fig. 3) . The impact of resting stages was not only determined by the proportion of alleles that came from the sediment, it also depended on the lifespan of the dormant stage and from how deep down resting stages in the sediment could be resuspended. Figure 4 shows that when successively deeper layers of the seed bank contributed to the next active population the time to fixation got longer.
The two-population model-Genetic differentiation
When we included migration into the model and measured genetic differentiation between two populations we could also see a strong effect from resting stages. Initially the two population were genetically different, that is they shared no alleles. Over time, during the simulation the two populations gradually homogenized as alleles were exchanged through migration, and thereby a decrease in genetic differentiation. When the re-seeding from the sediment to the water column was low (5%), populations only exhibited a marginally higher degree of genetic differentiation (Fig. 5a,  d and g ). When the water column-sediment link was strengthened (≥25% re-seeding from the sediment) the populations remained differentiated for a longer period of time (Fig. 5b,c,e,f,h and i) . The difference between the two life history strategies was larger at low migration rates, but even with a migration rate as high as 20% a medium link [87] Raw microsatellite data from the references marked with (*) are included in the diversity analysis.
(25 % re-seeding from the sediment) between the sediment and the water column showed greater differentiation for populations with resting stages (Fig. 5h) . When the starting size was increased from 80 alleles (Fig. 5) to 2000 alleles the homogenizing effect of the migration was higher, and the populations (both with and without resting stages) reached zero genetic differentiation faster (Fig. S3) . Increasing the start size over 2000 however did not affect the results further (data not shown).
Systematic literature review

Genetic diversity
Collection of empirical data resulted in a total of 95 microsatellite loci belonging to 12 microalgal species gathered from 21 different studies (detailed in Table 1 ). Assessment of adequate rarefaction depth led to the exclusion of 33 loci, leaving 62 loci belonging to 9 species. Out of the 33 loci omitted from the analysis 32 belonged to the dinoflagellate genus Alexandrium, which are haploid in the vegetative state, and 1 locus belonging to the coccolithophore Emiliania huxleyi. When all data, from the 62 loci, were pooled we observed a slightly higher average in rarefied allelic richness and Shannon diversity in loci of species with a resting stage (Fig. S4a-b ), although this difference was not statistically significant (p = 0.2 and 0.07, respectively). However, when we focused only on diatoms statistical analysis revealed a significantly higher rarefied allelic richness (p = 0.001) and Shannon diversity (p = 0.006) at loci in species with a resting stage (Fig. 6a,b) . This result was based on a total of 40 microsatellite loci belonging to 7 different species (4 species without a resting stage and 3 with a resting stage).
Genetic differentiation
Genetic (F st ) and geographic data, collected from the literature, were first examined with a regression analysis on independent data, which showed no overall support for a significant isolation by distance (Fig. 7) , using either Fig. 4 Effect of increased number of historic seasons from which alleles in the sediment could re-seed the next population. The results show number of seasons until fixation (mean ± 95% confidence interval from 1000 simulations). The simulations were run with 80 alleles starting from a distribution with 20 unique alleles and 25% of a new bloom was started from the sediment untransformed or logarithmically transformed distance data (p > 0.05). However, species with resting stages showed a significantly higher F st than species without resting stages (p = 0.0013, t-test). This difference could not be explained by a difference in the mean pairwise distance between samples for species with and without resting stages (p > 0.05, t-test). These results corroborate the results from the model.
Discussion
Here we present a conceptual framework that strongly emphasizes the role of resting stages on the microevolutionary processes in microalgae. Using population-based simulations we were able to show that resting stages can serve as a genetic reservoir that counteracts the effect of genetic drift and migration, thus giving rise to higher genetic diversity and population genetic differentiation. This is in comparison to species that do not form resting stages. Based on the one-population model it was evident that the stronger the link between the active population and the seed bank, the longer it took to reach fixation for a particular allele. Similarly, when we incorporated migration into the model and simulated population genetic differentiation, populations remained differentiated for a longer period of time if they had a life-history strategy that included a resting stage. This was true even when migration between the two active populations was as high as 20%. Our results signify that the presence of a local seed bank can have a significant influence on microevolutionary processes. The active population in the water column is connected to historic populations through re-seeding of resting stages that anchor the population. In natural populations there are of course other factors that may either enhance or attenuate these effects, factors that we have neglected in our model. Here we have made assumptions such that there are no fitness differences, no mutations and no density dependence, leaving genetic drift as the driving evolutionary force, which is a strongly simplified scheme. Nevertheless, when we collected and compiled empirical data from the literature we found similar patterns as those suggested by our models.
Increased genetic diversity in populations with resting stages has previously been recorded for plant and zooplankton species [28, 32, 51] . Also with our one-population model we could show that when genetic drift is the only evolutionary force present, resting stage formation resulted in a higher genetic diversity (i.e. allelic richness) compared to life-history strategies that do not form resting stages.
When we compared these results with empirically based estimates of allelic richness (rarefied richness and Shannon diversity) and limited the analysis to include diatom species we found statistical support for a higher allelic richness in species with the ability to form resting stages. However, when we included all the gathered data a higher diversity in species with a resting stage was poorly supported. One potential reason for this is that the data included a diverse collection of species that differ in their (amongst other characteristics) ploidy and life cycles. In the planktonic state dinoflagellates are haploid and thus only have the possibility of half the number of alleles per locus compared to a diploid diatom and coccolithophores. Coccolithophores do however alternate between a haploid and diploid phase and it should be mentioned that the data collected from the literature only included diploid genotypes. In microalgae little is known about the genetic link between resting stages and the active populations. To date only one such study has been conducted which showed that the dormant population was also representative of the planktonic populations, i.e. genetic diversity and nonsignificant F st [52] . The importance of resting stages in providing an inoculum for bloom initiation has been shown several times [53] [54] [55] [56] and that their abundance may be used to forecast next season's bloom [53] . However, the proportion of individuals inoculated from last year's bloom versus the proportion from the deeper sediment layers is unknown and likely to differ between habitats and species. The time resting stages remain viable vary between species [57] and is also affected by anoxic conditions in the sediment [57, 58] . The presence and distribution of bioturbators will also affect both the burial and the disinterment of resting stages in the sediment and can thus affect the number of cysts that are able to re-seed [59] . We tested the model for a wide range of proportions of re-seeded alleles and life spans of resting stages to compensate for the variability of these parameters and found significant effects of resting stages in all tested scenarios.
When examining genetic differentiation our literature review, in agreement with the model, showed higher genetic differentiation for the species forming resting stages compared to the species not forming resting stages. Since the number of studies providing information on genetic differentiation in microalgae is limited we chose to include all information available. This makes the dataset to some Genetic differentiation (F st ) plotted against geographic distance (km) for species with a life history strategy including (blue) and not including resting stages (red), using published F st values (see Table 1 ). The trend lines are included for illustrative purpose degree skewed. For example, some species have been studied more intensively than others and there is also a higher number of data points from species that form resting stages (16 studies including 9 species) than from species that do not form resting stages (6 studies including 4 species). In some of the species included in the analysis it is uncertain if resting stages are formed or not. K. brevis, O. marina and P. pungens fall within this category. They have for the purpose of this analysis been categorized as not forming resting stages with the motivation that even if cysts do exist in these species it is unlikely that they are long-lived and build up seed banks contributing extensively to the genetic structure of active populations in the water column.
When looking specifically at the effect of resting stages on the genetic differentiation between populations, studies on higher plant species indicate that seed banks weaken genetic differentiation between populations [30, 31] . However, many factors differ between the plants and the microalgal systems we consider here, the most notable is probably the enormous population sizes found in microalgae. Planktonic microalgae are in several aspects more similar to zooplankton than to many plants, they share the characteristics of high dispersal potential, large population sizes and rapid growth rates. In zooplankton, as in microalgae, large genetic differentiation at short geographical distances despite potentially high gene flow has been found [60] . The high degree of structure in these systems has been explained by founder effects, priority effects and local adaptation [60, 61] . In the monopolization hypothesis the paradox of genetic structure under dispersal and gene flow is explained by combining founder events and rapid local adaptation together with a buffering (anchoring) effect from a seed bank [38] . Here we show that seed banks alone with no fitness differences (no adaptation) included can maintain high genetic differentiation despite high levels of gene flow, indicating that resting stages may play a bigger role in the structuring of populations than previously considered. In microalgal systems an anchoring/buffering effect of resting stages has also been discussed [52, 57, 58] . The effect of accumulation of long-term resting stages on the genetic differentiation between populations has, however, to our knowledge never been studied in depth in planktonic species before.
The total effect of resting stages on the genetic diversity and structure of populations is likely more complex than what is considered in our model. Our model has focused on the effect dormant stages without natural selection and thus no adaptive evolution. Dormant stages will certainly increase the standing genetic variation and consequently the potential for local adaptation. Their influence on the rate of adaptive evolution will nevertheless depend on whether selection is directional or fluctuating [36] . The anchoring effect allows for local adaptation over time, as it is dependent on the standing genetic variation in a population [62] . However, the refuge that dormancy facilitates during unfavourable conditions [25, 63] , will weaken the effect of natural selection [27] , compared to life-cycles with no resting stages. The genetic diversity archived in the sediment is ultimately an important resource for populations to cope with local environmental change. This was shown in the dinoflagellate Alexandrium ostenfeldii where some genotypes, established from cysts in the sediment, thrived in present day conditions and others in future predicted temperatures and salinities [58] . Such reports indeed indicate that genetically diverse seed banks can store high phenotypic diversity. Studies focusing on the genetics of seed banks can also assist in forecasting adaptation potential to future environmental changes as historic evolutionary changes can be followed over time [64] . More research looking beyond what is to be found in the water column is needed to fully understand the genetic structure and the adaptive potential of microalgal species with the ability to form resting stages.
